normal controls. In the diabetic patients during conventional treatment, both the peak plasma G H level postclonidine (48.3 2 8.7 ng/ml) and the incremental area under the G H response curve (3.23 f 0.58 mg.min/ml) were significantly increased above normal control values (25.2 f 2.1 ng/ml, p < 0.05 and 1.63 f 0.1 1 mg min/ml, p c 0.0025, respectively). In contrast, the G H response to clonidine was indistinguishable from normal after only 1 wk of intensified insulin treatment. Our findings support the contention that metabolic control of diabetes influences hypothalamic regulation of G H secretion and suggests that such alterations are related, a t least in part, to changes in central a-adrenergic activity. (Pediatr Res 19: 534-536, 1985) Abbreviations GH, growth hormone CSII. continuous subcutaneous insulin infusion Elevated plasma GH concentrations during 24-h monitoring (1) and following provocative stimuli (2-4) have been frequently observed in poorly controlled, insulin-dependent diabetic pa-tients but the mechanism remains obscure. We have reported that the exaggerated plasma GH and catecholamine responses to exercise in diabetes are reduced to normal following improvements in glucose control with CSII (5). Since the a-adrenergic system plays an important role in the hypothalamic regulation of G H secretion (6, 7) , alterations in central adrenergic activity might provide a link between poorly controlled diabetes and hypersecretion of GH. This hypothesis was tested in the present study by determining the effect of the a-adrenergic agonist, clonidine (8), on GH release before and after a short period ( 1 wk) of intensified insulin therapy.
MATERIALS AND METHODS

Diabetic patients.
Nine nonobese patients with insulin-dependent diabetes, one male and eight females, were studied. The clinical data including total glycosylated Hb and plasma glucose levels at entry to the study are summarized in Table I . The patients ranged in age from 12-19 yr, and duration of diabetes from 2-10 yr. At entry to the study, the patients were conventionally treated with one to two daily injections of mixed medium and short acting insulins and insulin was the only medication being taken regularly. All diabetic and nondiabetic (see below) subjects and their parents gave informed written consent before taking part in the study. The study protocol was approved by the Human Investigation Committee of the Yale University School of Medicine.
Procedures. All the patients were admitted to the Yale Children's Clinical Research Center. The patients were initially studied while receiving their usual insulin and dietary treatment. On the morning of the second hospital day an indwelling catheter was inserted into a forearm vein and blood obtained hourly for measurement of plasma glucose and every 2 h for GH for 24 h. On the next morning, following an overnight fast, an oral clonidine test (4 pg/kg body weight) (8) was carried out. Blood was obtained for GH before and every 30-60 min after clonidine administration for 240 min. After completion of the clonidine study, insulin therapy was given by CSII using a battery-powered syringe pump (model AS6C, Auto-Syringe, Inc., Hooksett, NH). The basal infusion rate and premeal doses were adjusted according to blood glucose levels monitored eight to 10 times per day. After 7-8 days of CSII and near normalization of blood glucose concentrations, the 24-h monitoring for glucose and G H and the oral clonidine test were repeated.
Nondiabelic controls. Six healthy volunteers aged 12-19 yr
were monitored hourly for 24 h for plasma glucose and GH profiles. Another 15 nondiabetic children aged 12-17 yr who had been evaluated for short stature and were found to have normal GH responses to exercise, L-dopa, and/or insulin-induced hypoglycemia served as the control group for the clonidine study. Each control subject was studied in the postabsorptive state and the oral dose of clonidine (4 pg/kg body weight) and blood sampling procedures were the same as those used in the diabetic subjects.
Determinations and calculations. Plasma glucose levels were determined by a glucose analyzer (Beckman Instruments, Fullerton, CA). Glycosylated Hb was measured microchromatograpihically using a commercial kit (Isolab Inc., Akron, OH). Plasma GH levels were quantitated by double-antibody radioimmunoassay using a standard provided by the National Hormone artd Pituitary Agency. The data are presented as mean + SEM. The Student's t tests (paired and unpaired) were employed in statistical analyses. indistinguishable from those seen in normal controls (8.0 & 0.6 ng/ml). A substantial fall in mean 24-h plasma glucose (from 135 k 1 1 to 84 + 6 mg/dl) and G H (from 12.5 + 3.5 to 6.9 + 1.2 ng/ml) was observed with CSII even in the patient with the best metabolic control on conventional treatment (patient 6, Table 1 ).
RESULTS
Mean plasma GH levels before and after oral clonidine a d m~ nistration in the diabetic patients and normal controls are shown in Figure 2 . Basal (0 min) G H values in the diabetic subjects before (10.5 + 1.7 ng/ml) and after (9.4 & 2.2 ng/ml) CSII were slightly, but not significantly, different from basal values in the normal controls (5.9 + 2.0 ng/ml). In contrast, the GH response to clonidine was exaggerated in the diabetic subjects during conventional treatment and was rapidly restored to normal aftler intensified therapy (Fig. 2 and Table 2 ). As shown in Table 2 , the peak GH level and the area under the G H response curve were significantly increased above normal control values in our diabetic patients during conventional therapy. After only 1 wk of CSII, on the other hand, both the peak G H level and the area under the curve were reduced to values similar to those in normal controls.
DISCUSSION
The increased plasma GH levels commonly observed in poorly controlled, insulin-dependent diabetes have been implicated in the pathogenesis of microangiopathy (9) and have recently been shown to contribute to the metabolic abnormalities of diabetes (10) . As illustrated by our patients, treatment with CSII is capable of rapidly reducing mean 24-h GH levels to normal. Mean 24-h G H levels were reduced even in the patient (no. 6, Table 1 ) with apparently "good" diabetic control during conventional treatment. Similarly, intensified insulin treatment has been shown to reverse G H hypersecretion in response to exercise (3). The mechanisms underlying these changes in G H release have not been fully delineated.
There is little evidence to suggest that metabolic control of diabetes directly influences pituitary regulation of GH secretion. The pituitary response to stimulation by GH releasing factor is normal in hyperglycemic diabetics, albeit inappropriate for ambient plasma glucose concentrations (1 I). Furthermore, improved control with CSII, which lowers basal growth hormone levels, does not affect the pituitary response to G H releasing factor (12) . On the other hand, hypersecretion of GH has been observed in conventionally treated diabetics in response to several stimuli such as arginine (4) and L-dopa (2) which are thought to act through the hypothalamus. However, deranged hypothalamic regulation of G H secretion in diabetes may be more selective than generally appreciated. For example, the GH response to hypoglycemia, the classical hypothalamic stimulus, is normal in poorly controlled diabetic patients and becomes subnormal with CSII (1 3).
In the present study, clonidine stimulation was used to probe the influence of diabetes control on hypothalamic, adrenergic regulation of G H secretion. Clonidine is an a-adrenergic agonist which is known to act on presynaptic a-2 receptors (6, 14) . The G H response to clonidine has been reported to be useful in assessing changes in responsiveness of central-adrenergic receptors (15). We compared the G H response to clonidine in youngsters with diabetes to that in healthy non-GH deficient short children of comparable age. While it could be argued that such children do not constitute a "normal" population, the limitations of nontherapeutic research in children precluded use of a more conventional control group. In addition, the rise in G H postclonidine in our normal subjects was comparable to that reported by others (8) and each had shown a normal response to other provocative stimuli.
In our diabetic patients, the G H response to clonidine was markedly exaggerated during conventional insulin therapy. Even in the face of hyperglycemia, both the peak plasma G H level and the area under the plasma G H response curve following clonidine were increased by 2-fold above values in nondiabetic controls. In contrast, only a brief period of intensified treatment was required to reduce clonidine-stimulated G H levels to normal control values. These findings support the hypothesis that metabolic control of diabetes influences hypothalamic regulation of GH secretion and suggests that these alterations are related to changes in responsiveness of central a-adrenergic receptors or receptor activity. Whether the changes in adrenergic activity are modulated by other factors which may play a role in feedback control of GH secretion, such as insulin-like growth factor I (16, 17) , remains to be investigated.
